1. Introduction {#s1}
===============

Thyroid disease is quite common and thyroid hormone exerts numerous effects on cardiovascular system.[@b1] Free triiodothyronine (FT3), the biologically active form of thyroid hormone, has been demonstrated to be associated with cardiovascular risk factor,[@b2] myocardial injury indicator and mortality in acute myocardial infarct (AMI) patient.[@b3],[@b4] In fact, most of previous studies focused on the correlation of thyroid hormone with cardiovascular system in patients with damaged thyroid function. In addition, studies with regards to the relationship between thyroid hormone within normal range and coronary artery disease (CAD) indicated that FT3 is negatively correlated with CAD, free thyroxine (FT4) is either non-correlated or positively associated with CAD. Furthermore, few studies conducted the severity of CAD with a Gensini score (GS) assessment. More important, these studies were limited by small sample sizes.[@b5]--[@b7]

To our knowledge, no study has studied the relation of FT3 within normal range to CAD in different gender and age groups. Therefore, in the present study, we consecutively enrolled 4206 euthyroid patients who underwent percutaneous coronary angiography (CAG), and aimed to examine the correlation of FT3 within normal levels with the presence and severity of CAD in different gender and age groups. The severity of CAD was calculated by GS system.

2. Methods {#s2}
==========

2.1. Study population {#s2a}
---------------------

In the present study, a total of 4206 Chinese euthyroid patients were consecutively enrolled from March 2011 to April 2015. The study was in accordance with the principles of the Declaration of Helsinki and approved by the Research Ethics Board of the Fuwai Hospital (Beijing, China). Informed consent was obtained from all enrolled patients. All patients underwent percutaneous CAG due to angina-like chest pain. Euthyroidism was defined as all thyroid hormone fractions within normal range. The normal range of FT3 was between 1.79 pg/mL and 4.09 pg/mL. CAD includes stable CAD and AMI. Stable CAD was diagnosed as old myocardial infarction or the presence of coronary lesions ≥ 50% in at least one major epicardial artery segment by CAG analysis.[@b8] Non-CAD was defined as the presence of stenosis less than 50% without unstable plaques (such as coronary artery dissection and ulcer, etc) or those without any signs of coronary artery atherosclerosis by CAG analysis. Severe CAD was defined as GS \> 32 and mild CAD was defined as GS ≤ 32. The diagnosis of AMI was according to "Third Universal Definition of Myocardial Infarction".[@b9] Hypertension (HTN) was defined as repeated systolic blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood pressure (DBP) ≥ 90 mmHg or taking anti-hypertensive drugs. Diabetes mellitus (DM) was defined as fasting serum glucose ≥ 7.0 mmol/L or random serum glucose ≥ 11.0 mmol/L or the 2-hour serum glucose of the oral glucose tolerance test ≥ 11.0 mmol/L or using hypoglycemic medications currently. Hyperlipidemia was defined as total cholesterol ≥ 5.1 mmol/L or triglyceride ≥ 1.7 mmol/L or using lipid-lowering medications. Body mass index (BMI) was calculated by square of weight divided by height. Exclusion criteria were thyroid dysfunction, low T3 syndrome, thyroid autoimmunity, history of levothyroxine replacement therapy and amiodarone, heart failure, severe liver and renal insufficiency, infectious or systematic inflammatory diseases and chronic diseases.

2.2. Laboratory analysis {#s2b}
------------------------

Blood samples of patients were collected into EDTA-containing tubes after at least 12-hour fasting in the morning before CAG. Concentrations of total cholesterol, triglyceride, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C) and lipoprotein (a) were measured by automatic biochemistry analyzer (Hitachi 7150, Japan). Serum FT3, FT4 and thyroid stimulating hormone (TSH) were measured using commercial kits by immulite 2000 chemiluminescent immunoassay (Diagnostic Products Corp, CA, USA).

2.3. GS calculation {#s2c}
-------------------

CAG information was evaluated from catheter laboratory records by at least three interventional cardiologists. The severity of coronary artery stenosis was evaluated by the GS system,[@b10] which was scored according to stenosis position and severity. The specific method has been shown in many previous studies.[@b11]--[@b13] GS has been used to calculate the severity of coronary artery stenosis for a long time and is indicated to be superior and more effective to the method of using the number of diseased vessels.[@b14],[@b15] GS is also demonstrated to provide more valuable prognostic information on cardiovascular risk than the Leaman score and American College of Cardiology/American Heart Association (ACC/AHA) score in patients with acute coronary syndrome.[@b16] Moreover, one study found that GS was not inferior to Synergy between percutaneous coronary intervention with Taxus and cardiac surgery (SYNTAX) to assess the severity of coronary artery stenosis.[@b17] Therefore, the GS was chosen in our study for the evaluation of coronary artery stenosis.

2.4. Statistical analysis {#s2d}
-------------------------

Baseline data was expressed as mean ± SD (normal distribution data) or median with quartile (abnormal distribution data) for continuous variables and *n* (%) for categorical variables. Continuous variables were analyzed by the Student *t*-test (normal distribution data) and Mann--Whitney *U*-test or Kruskal--Wallis test (abnormal distribution data) when appropriate. Categorical variables were analyzed by *χ*^2^ statistic test.

To investigate the correlation of FT3 with presence of CAD, binary univariate and multivariate logistic regression analyses were conducted. GS were transformed by log-normalization. Logistic models were adjusted for traditional cardiovascular risk factors (age, sex, HTN, DM, hyperlipidemia, obesity, current smoking). Multivariable linear regression analysis was performed to determine the relationship between FT3 and GS in stable CAD and AMI patients.

The statistical analysis was performed with SPSS version 22.0 software (SPSS Inc., IL, USA), and two-tailed *P* values \< 0.05 was considered statistically significant.

3. Results {#s3}
==========

3.1. Baseline characteristics {#s3a}
-----------------------------

Overall, we consecutively enrolled 4206 euthyroid patients who underwent CAG. The clinical and biochemical characteristics of patients were shown in [Table 1](#jgc-13-12-978-t01){ref-type="table"}. The mean age of the patients was 57.34 ± 9.69 years and 3048 (72.47%) participants were male. Patients were divided into CAD group (cases, *n* = 3306) and non-CAD group (controls, *n* = 900). The CAD patients are older and have higher percentage of hypertension, diabetes mellitus, current smoking (*P* \< 0.05). FT3 is significantly lower in CAD group (2.95 ± 0.32 *vs*. 2.97 ± 0.33 pg/mL, *P* \< 0.05). Tertiles of GS: tertile 1 (0--10 scores), tertile 2 (11--32 scores), tertile 3 (\> 32 scores). Patients were classified into two groups according to tertiles of GS: severe-CAD group (GS \> 32 scores) and mild CAD group (GS ≤ 32 scores). As shown in [Figure 1](#jgc-13-12-978-g001){ref-type="fig"}, FT3 levels were lower in severe CAD group than that in mild CAD group.

###### Baseline clinical and biochemical characteristics.

  Variable              Total (*n* = 4206)      Coronary artery disease (*n* = 3306)   Non-coronary artery disease (*n* = 900)   *P* value
  ----------------- -------------------------- -------------------------------------- ----------------------------------------- -----------
  Age, yrs                 57.34 ± 9.69                     57.76 ± 9.70                            55.84 ± 9.49                 \< 0.001
  Male                    3048 (72.47%)                    2503 (75.71%)                            545 (60.56%)                 \< 0.001
  Obesity                  980 (23.30%)                     776 (23.47%)                            204 (22.67%)                   0.612
  HTN                     2955 (63.12%)                    2137 (64.64%)                            518 (57.56%)                 \< 0.001
  DM                      1078 (25.63%)                     931 (28.16%)                            147 (16.33%)                 \< 0.001
  Hyperlipidemia          3110 (73.94%)                    2492 (75.38%)                            618 (68.67%)                 \< 0.001
  Current smoking         1316 (31.29%)                    1081 (32.70%)                            235 (26.11%)                 \< 0.001
  BMI, kg/m^2^             25.94 ± 3.20                     25.96 ± 3.15                            25.83 ± 3.35                   0.286
  TC, mmol/L               4.15 ± 1.11                      4.13 ± 1.14                              4.21 ± 0.96                   0.038
  TG, mmol/L           1.53 (1.12 -- 2.10)              1.53 (1.14 -- 2.09)                      1.51 (1.07 -- 2.12)               0.248
  LDL-C, mmol/L            2.53 ± 0.96                      2.52 ± 1.00                              2.54 ± 0.82                   0.436
  HDL-C, mmol/L            1.06 ± 0.28                      1.05 ± 0.28                              1.11 ± 0.30                 \< 0.001
  Lp (a), mmol/L     148.94 (66.63 -- 353.47)         150.94 (66.03 -- 361.20)                144.50 (64.12 -- 315.30)             0.119
  FT3, pg/mL               2.96 ± 0.32                      2.95 ± 0.32                              2.97 ± 0.33                   0.043
  FT4, ng/dL               1.14 ± 0.16                      1.14 ± 0.16                              1.15 ± 0.16                   0.087
  T3, pg/mL                1.05 ± 0.18                      1.05 ± 0.18                              1.05 ± 0.19                   0.969
  T4, ng/dL                8.10 ± 1.57                      8.10 ± 1.57                              8.11 ± 1.56                   0.858
  TSH, uIU/mL          1.81 (1.25 -- 2.56)              1.80 (1.24 -- 2.56)                      1.84 (1.30 -- 2.57)               0.224
  Medications                                                                                                                   
  Statins                 3235 (76.91%)                    2614 (79.07%)                            621 (69.00%)                 \< 0.001
  Aspirin                 2127 (50.57%)                    1776 (53.72%)                            351 (39.00%)                 \< 0.001
  ACEIs or ARBs            601 (14.29%)                     483 (14.61%)                            118 (13.11%)                   0.255

Data are presented as mean ± SD, median (quartile) or *n* (%). ACEIs: angiotensin-converting enzymes; ARBs: angiotensin receptor blocker; BMI: body mass index; CCBs: calcium channel blockers; DM: diabetes mellitus; FT3: free triiodothyronine; FT4: free thyroxine; HDL-C: high density lipoprotein cholesterol; HTN: hypertension; LDL-C: low density lipoprotein cholesterol; Lp (a): lipoprotein (a); TC: total cholesterol; TG: triglyceride; TSH: thyroid stimulating hormone; T3: triiodothyronine; T4: thyroxine.

![Levels of FT3 in severe CAD (GS \>32) and mild CAD group (GS ≤ 32).\
CAD: coronary artery disease; FT3: free triiodothyronine; GS: Gensini score.](jgc-13-12-978-g001){#jgc-13-12-978-g001}

3.2. Logistic regression analysis {#s3b}
---------------------------------

To examine independent predictors for the presence of CAD, univariate and multivariate logistic regression analyses were performed. [Table 2](#jgc-13-12-978-t02){ref-type="table"} showed that, after adjustment for traditional and potential confounders including age, gender, HTN, DM, hyperlipidemia, current smoking, obesity, FT3 was demonstrated to be significantly and negatively associated with the presence of CAD \[odds ratio (OR): 0.591; 95% confidence interval (CI): 0.452--0.772; *P* \< 0.001\], male subgroup (OR: 0.663; 95% CI: 0.477--0.921; *P* = 0.014), female subgroup (OR: 0.458; 95% CI: 0.287--0.730; *P* = 0.001), young subgroup (OR: 0.565; 95% CI: 0.420--0.761; *P* \< 0.001). But, in the subgroup of old patients over 65 years old, no relationship was found between FT3 and the presence of CAD before and after further adjustment for potential confounders.

###### Logistic regression analysis of the correlation of FT3 with the presence of CAD.

  Model            Unadjusted model      Adjusted model  
  ------------ ------------------------ ---------------- ------------------------
  1 (Total)     0.788 (0.625 -- 0.993)       0.043        0.591 (0.452 -- 0.772)
  2 (Male)      0.518 (0.378 -- 0.709)      \< 0.001      0.663 (0.477 -- 0.921)
  3 (Female)    0.377 (0.244 -- 0.583)      \< 0.001      0.458 (0.287 -- 0.730)
  4 (Young)     0.897 (0.691 -- 1.166)       0.417        0.565 (0.420 -- 0.761)
  5 (Old)       0.780 (0.448 -- 1.359)       0.380        0.657(0.354 -- 1.211)

CAD: coronary artery disease; FT3: free triiodothyronine.

3.3. Linear regression analysis of FT3 with GS {#s3c}
----------------------------------------------

As shown in [Table 3](#jgc-13-12-978-t03){ref-type="table"}, FT3 was negatively correlated with GS in stable CAD group and subgroup of male and young after adjustment for confounders including age, gender, HTN, DM, hyperlipidemia, current smoking, obesity. However, in AMI patients, no association of FT3 with GS was found ([Table 4](#jgc-13-12-978-t04){ref-type="table"}).

###### Correlation analysis and linear regression analysis of the relation of FT3 to GS in stable CAD patients.

  Model         Gensini score   Unstandardized coefficients B   Standardized coefficients (Beta)   *P* value  
  ------------ --------------- ------------------------------- ---------------------------------- ----------- ----------
  1 (Total)        −0.043                   0.018                            −0.080                 −0.066      0.001
  2 (Male)         −0.083                 \< 0.001                           −0.093                 −0.071      0.001
  3 (Female)       −0.072                   0.044                            −0.047                 −0.034      0.355
  4 (Young)        −0.043                   0.032                            −0.100                 −0.082     \< 0.001
  5 (Old)          −0.037                   0.304                              \-                     \-          \-

CAD: coronary artery disease FT3: free triiodothyronine; GS: Gensini score.

###### Correlation analysis and linear regression analysis of the relation of FT3 to GS in AMI subjects.

  Model         Gensini score   Unstandardized coefficients B   Standardized coefficients (Beta)   *P* value  
  ------------ --------------- ------------------------------- ---------------------------------- ----------- -------
  1 (Total)        −0.131                   0.038                            −0.070                 −0.073     0.282
  2 (Male)         −0.143                   0.033                            −0.093                 −0.092     0.191
  3 (Female)        0.006                   0.976                              \-                     \-        \-
  4 (Young)        −0.140                   0.041                            −0.117                 −0.117     0.107
  5 (Old)           0.183                   0.285                              \-                     \-        \-

AMI: acute myocardial infarction; FT3: free triiodothyronine; GS: Gensini score.

4. Discussion {#s4}
=============

The current study with large sample size, performed in a Chinese population of euthyroid patients who underwent CAG, examined the correlation of FT3 with the presence and severity of CAD. In addition, we assessed the relationship between FT3 and GS in different gender and age subgroups. As a result, we found the low FT3 level was negatively associated with the presence and severity of CAD in the young patients. The result indicates that depressed thyroid function may be a risk factor for CAD, especially in young individuals. Our data may provide novel information with respect to the role of FT3 in the presence and severity of CAD at different ages.

The association of thyroid dysfunction with cardiovascular risk factors and CAD has recognized for a long time, but few studies have investigated the relationship between thyroid hormone within normal range and cardiovascular disease. One study from Daswani, *et al.*[@b5] enrolled 100 euthyroid patients with stable CAD and defined the severity of coronary artery stenosis by using GS system. They excluded patients with acute coronary syndrome. Average age of all the subjects enrolled was under 65 years old. Finally, they found that FT3 was significantly and negatively correlated with severe CAD. Coceani, *et al.*[@b18] who examined 1047 patients with suspected CAD and normal levels of FT4 as well as TSH, indicated that low FT3 could be an independent risk factor for CAD. Moreover, they revealed that low FT3 syndrome exerted adverse influence on total and cardiac mortality with a follow-up of 31 months. Cappola, *et al.*[@b19] enrolled 2843 euthyroid patients and revealed that FT4 within normal range was positively associated with atrial fibrillation, heart failure, composite cardiovascular outcomes and total mortality. In contrast, several studies did not find any correlation of FT4 with CAD. One study enrolled 1589 patients with normal thyroid function and found no relation of normal FT4 levels to the presence and severity of CAD.[@b20] Another study indicated that FT3 levels were statistically lower in severer CAD group than that in less severe CAD group, while FT4 levels were not statistically different in the two groups.[@b6] Our study was consistent with the result that FT3 levels were significantly lower in CAD group while FT4 levels were similar in CAD group and control group. Additionally, we found that lower FT3 level was negatively associated with the presence as well as the severity of CAD. This disparity might be due to the different ethnic backgrounds and sample sizes.

Previous studies have demonstrated that hypothyroidism is associated with atherosclerosis, endothelial vascular dysfunction, dyslipidemia, atrial fibrillation and main adverse cardiovascular and cerebrovascular events.[@b21]--[@b24] And studies also suggested that subclinical hypothyroidism is associated with increased risk of cardiovascular disease and higher CAD mortality.[@b25],[@b26] These data indicated that depressed thyroid function increased the risk of CAD. FT3 is biologically active form of thyroid hormone and an isolated decrease of it may increase the risk of CAD in a similar fashion to overt or subclinical hypothyroidism. With regard to the exact mechanisms underlying the impact of lower levels of thyroid hormone on CAD, it is still not comprehensively understood. Thyroid hormone has been demonstrated to be correlated with LDL-C, blood pressure, C-reactive protein, endothelial dysfunction, homeostasis model assessment for insulin resistance and coronary artery calcium scores,[@b2],[@b6],[@b27] which are all indicated to be risk factors of cardiovascular disease. These risk factors may mediate the influence of low FT3 level on CAD. The expression of LDL-C receptor mRNA was decreased in hypothyroid rats by 50%, resulting in lowered degradation of LDL-C.[@b28] Additionally, LDL-C in patients with low FT3 level was more susceptible to be oxidized and then triggered the process of atherosclerosis.[@b29] Patients with low FT3 level had higher prevalence peripheral vascular resistance and arterial stiffness which resulted in hypertension.[@b30] It is suggested that thyroid hormone is an important regulator of endothelial nitric oxide (NO) production and endothelial vasodilatation is impaired in patients with depressed thyroid function.[@b31]

In our study, we did not find the correlation of thyroid hormone with the presence and severity of CAD in old patients, consistent with previous studies.[@b32],[@b33] One of the possible reasons was the down-regulated sensitivity to thyroid hormone in older subjects. Furthermore, aging is correlated with adverse changes in body composition. Studies revealed that with aging, the release of free fatty acids from adipocytes increased and metabolically active tissues decreased.[@b34] The excess free fatty acids increased insulin resistance, dyslipidemia, and then increased hypertension, diabetes mellitus, which were independent cardiovascular risk factors. The effects of these risk factors may overpass and confound the effect of normal levels of FT3 on cardiovascular system in the old.

We also examined the correlation of FT3 within normal levels with GS in patients with AMI. However, multivariable liner regression analysis showed no relationship between FT3 and GS in AMI patients. The AMI patients enrolled in our study were not hospitalized in the earliest time after occurrence of chest pain. The average time from chest pain to hospitalize were 14.26 ± 6.43 days in the present study. One study enrolled 47 euthyroid patients with AMI and found that maximal changes of thyroid hormone were found in two to three days after onset of symptoms.[@b35] The study indicated that thyroid hormone was transiently down regulated during the acute phase of myocardial infarction in patients with normal thyroid function. Therefore, the effects of thyroid hormone on patients with AMI enrolled in the present study may disappear for the long interval period.

There were several limitations in this study. Firstly, it was a single-center and retrospective study. And it was a cross-sectional study and unable to determine whether low FT3 within normal range was a risk factor for CAD. Prospective and randomized controlled studies are needed to confirm it. Secondly, there was no follow-up data to examine the cardiac mortality and major adverse cardiovascular events.

In conclusion, the current study indicated that lower FT3 within normal range was negatively associated the presence and severity of CAD in young patients, but not in the old ones. More studies are needed to confirm our findings.
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